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SUMMARY
Leaf mesophyll protoplasts of a nitrate reductase deficient, streptomycin resistant
double mutant of Nicotiana tabacum were fused with cell suspension protoplasts
of wild type N. rustica. Hybrid colonies were selected for nitrate reductase
proficiency and streptomycin resistance. Green, actively proliferating colonies
were recovered in the selection medium. Eleven of twenty green colonies, trans-
ferred to regeneration medium, produced plants. Regenerated plants were ana-
lysed for their vegetative and floral characteristics, Fraction I protein polypeptide
composition and leaf esterases. All the eleven regenerants were nuclear somatic
hybrids possessing the chloroplast of the N. tabacum parent. By developing a
double mutant with a negative (auxotrophic) and a positive (resistance) selection
marker in a species of interest, this species can be hybridised by somatic cell
fusion with wild type species lacking selectable markers.
1. INTRODUCTION
Successful somatic cell hybridisation requires a selection system capable of
recovering small numbers of hybrid cells from amongst a large population
of parental cells. Previously, mutants have been hybridised with other
mutants to recover hybrids by genetic complementation (Meichers and
Labib, 1974; Douglas et a!., 1981) or hybridised with species which have
constraints of limited growth (Power et a!., 1980) or lack of regeneration in
certain nutrient media (Maliga et a!., 1977). Such selection methods require
the development of new mutants, or markers based on differential growth
responses, for each combination of species. We proposed an alternative
approach which involves combining an auxotrophic mutant and a dominant
resistance mutant in a single species to produce a double mutant (Pental
eta!., 1982a; Hamill et a!., 1983). Once such a double mutant is produced,
it can be hybridised with wild type species, eliminating the necessity for any
other selectable markers. To test this proposal we have fused leaf protoplasts
of a nitrate reductase deficient, streptomycin resistant double mutant of
Nicotiana tabacum (NRSR) with cell suspension protoplasts of wild type
Nicotiana rustica, and shown that it is possible to select somatic hybrids
between these two species.
N. tabacum NRSR was produced by sexually crossing streptomycin
resistant N. tabacum SRI () with nitrate reductase deficient N. tabacurn
nia- 130 () (Hamill et a!., 1983). In N. tabacum NRSR, nitrate reductase
deficiency is due to recessive mutations in two genes in the nuclear genome,
and streptomycin resistance is due to a mutation in the chloroplast genome.
Cell colonies derived from protoplasts of N. tabacum NRSr can be
selected against by placing them in a medium containing nitrate as the sole
source of nitrogen. Alternatively, such colonies can be positively selected
by placing them in a medium containing streptomycin.
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2. MATERIALS AND METHODS
(i) Growth of plant material and protoplast isolation
The nitrate reductase deficient, streptomycin resistant double mutant
plants of Nicotiana tabacum NRSR were grown in hydroponics as pre-
viously described (Hamill etal., 1983). Protoplasts were isolated from leaf
mesophyll of N. tabacum NRSR as described previously for the nitrate
reductase deficient nia- 130 mutant of N. tabacum (Pental et a!., 1982b).
Callus induction, cell suspension formation and protoplast isolation of
N. rustica cv Vl2 was as described for N. alata (Berry et al., 1983).
Protoplasts of N. rustica were isolated from 2—3 months old cell suspensions.
(ii) Fusion of protoplasts, culture of protoplasts, and selection of
somatic hybrid calli
Fusions were carried out between leaf mesophyil protoplasts of N.
tabacum and cell suspension protoplasts of N. rustica following the high
pH/Ca method (Keller and Melchers, 1973). Frequencies of heterokaryon
formation were calculated by microscopic observation of the number of
intact heterokaryons present among intact parental protoplasts 12 hours
after culturing the post fusion protoplast mixture. Heterokaryons were
recognised by the presence of chloroplasts of the mesophyll parent and
dense cytoplasmic strands of the cell suspension parent.
After fusion treatment, protoplasts were suspended in MS-i medium—
Murashige and Skoog (1962) medium modified by omitting inorganic
nitrogen and by the addition of 6 mM L-glutamine, 2 mM L-aspartic acid,
1 mM L-arginine and 01 mM glycine, with 2 mg 1 NAA (a napthaleneacetic
acid) and 05 mg l BAP (6-benzylaminopurine) containing 9 per cent w/v
mannitol, pH 58 before filter sterilisation. Protoplasts were cultured in 5 cm
petri dishes (A/S Nunclon Kamstrup, Roskilde, Denmark), in 4 ml of liquid
MS-I medium over 4 ml of MS-i medium solidified with 0-6 per cent w/v
agar (Sigma) in continuous light (600 lux) at 24 2°C. Initial plating densities
of protoplasts were 5 x l0 protoplasts/mI in the liquid layer.
After the protoplasts had developed into small cell colonies (10—12 days
of culture, approximately 30 cells), the cultures were transferred to a selec-
tion medium designated as MS-2——MS medium modified by using 38 mM
KNO3 instead of the usual concentrations of NH4NO3 and KNO3, 1 mM
streptomycin sulphate with 0l mg l' NAA and 0-5 mg l' BAP containing
4•5 per cent w/v mannitol, pH 5-8 before filter sterilisation. Colonies were
cultured in lOml of MS-2 medium, placed over lOml of MS-2 medium
solidified with 06 w/v agar, at a plating density of iO colonies/ml in the
liquid layer in 9 cm petri dishes (Sterilin Ltd., Teddington, U.K.) under
constant fluorescent light (2000 lux) at 24 2°C. Osmoticum in the medium
was lowered as previously described (Pental et aL, 1982b)
(iii) Shoot regeneration and transfer to the greenhouse
Green colonies recovered from the selection medium and which were
approximately 10 mm in diameter were transferred to shoot regeneration
medium MS-3—MS medium containing 0.5 mg l' BAP and 2 mg 1_I IAA
(a) (b)
PLATE 1(a). General vegetative and floral morphology (left to right) of nitrate reductase
deficient streptomycin resistant double mutant of N. tabacum NRSR, a somatic hybrid
and N rustica parent. N. tabacum NRSR is a dwarf plant and shows chlorisis of leaves
due to nitrogen deficiency. The dwarf character of N. tabacum NRSR is inherited from
its maternal plant N. tabacum SRi which is a dwarf tobacco. The hybrid plant shows
heterotic vigour in its vegetative growth.
PLATE 1(b). Floral morphology (left to right) of N rustica, a somatic hybrid and N. labacum
NRSR. Hybrid flower is intermediate in characteristics, and has a black-walled ovary
like the N. ruslica parent.
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PLATE 2(a). Isoelectric focusing of Fraction 1 protein of N. tabacum NRSR (lane f), N.
rustica (lane h) and hybrids 1—10 (lanes a—c, g, i—I). All the ten hybrids possess the
chioroplast encoded large subunit polypeptides of N. tabacum, and the nuclear encoded
small subunit polypeptides of both the parents. Hybrid II was analysed on another gel
and was fOund to have a band pattern similar to the hybrids illustrated.
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PLATE 2(b). Isoelectric focusing of leaf esterases of N. rustica (lane a), N. tabacum NRSR
(lane b), mixture of N. rustica, N. tabacum (lane c) and somatic hybrids I—Il (lanes d—n).
All the eleven regenerants possess bands characteristic of both the parents. Hybrids 8
(lane k) and 11 (lane n) lack a N. rustica parental band showing variability amongst the
hybrids.
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(indole-3-acetic acid), pH 5•8 before autoclaving. Cultures were maintained
at 24±2°C under constant fluorescent light of 3000 lux.
Regenerated shoots were excised and grown on MS medium solidified
with agar. When the shoots were 5 cm or more in height, and had developed
roots, they were transferred to the greenhouse and grown as for wild type
N. tabacum (Pental et aL, l982b).
(iv) Analysis of plants for evidence of hybridity
Plants regenerated from selected colonies were characterised for their
vegetative and floral morphology.
Plants were also characterised biochemically by isoelectric focusing of
Fraction 1 protein polypeptides and leaf esterases. Fraction 1 protein
analysis was carried out using the method of Cammaerts and Jacobs (1980).
Polymerisation of isoelectric focusing gels was done with ammonium persul-
fate instead of riboflavine.
For analysis of leaf esterases, proteins were extracted from plants at the
flowering stage. Extraction buffer was the same as used for Fraction 1
protein analysis. A sample of 100 g protein, as measured by the method
of Lowry et al. (1951), was applied to 05 mm thick pre-cast polyacrylamide
gels (pH gradient 35—95, LKB). Isoelectric focusing was performed for
4 h (1500 V, max current 15 mA, 10°C) and the gel was stained for esterase
isoenzymes by the method of Smith et aL (1970).
3. RESULTS
(i) Selection of hybrids
Fusion experiments, involving leaf mesophyll protoplasts of N. tabacum
NRSR and cell suspension protoplasts of N. rustica, gave rise to colonies
in MS- 1 medium. A total of 106 protoplasts of each species was fused.
Heterokaryon formation frequency was 1 per cent. After 10 days growth,
colonies were transferred to selection medium MS-2. Each selection dish
contained about l0 colonies at a density of 103/ml of MS-2 medium. After
4—5 wk in MS-2 medium, green colonies were evident in fusion dishes, but
none were present in non-fused mixtures of parental protoplasts. On average,
twelve green colonies were observed in each selection dish. As the initial
heterokaryon frequency was 1 per cent, about 12 per cent heterokaryons
gave rise to colonies capable of growing in the selection medium.
Green colonies were maintained individually on the selection medium,
and a sample of twenty colonies was transferred to MS-3 medium for shoot
regeneration. Eleven out of twenty colonies regenerated shoots on MS-3
medium. One representative shoot was excised from each regenerating callus
and transferred to MS medium where they grew further and rooted. All the
eleven representative plants were transferred to a greenhouse.
(ii) Characterisation of hybrids
Regenerated plants showed vigorous vegetative growth and flowered
(plate 1(a)). The floral morphology of regenerated plants with respect to
the form of the inflourescence, the corolla length and its width and shape,
was intermediate (plate 1(a), (b)). The flowers of the regenerated plants had
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black walled ovaries like the N. rustica parent (plate 1(b)). The black ovary
is due to a dominant nuclear allele in the N. rustica genome (Jinks et a!.,
1981).
Isoelectric focusing of Fraction I protein (Ribulose bisphosphate car-
boxylase) of the eleven regenerants showed them to possess the chloroplast
encoded large subunit polypeptides of N. tabacum and the nuclear encoded
small subunit polypeptides of both the parents (plate 2(a)). Isoelectric
focussing of leaf esterases showed all the eleven regenerants to possess
bands characteristic of both parents (plate 2(b)).
4. DISCUSSION
On the basis of their floral morphology and biochemical analysis we
conclude that all eleven plants regenerated from colonies capable of growing
in the selection medium possessed the nuclear genomes of both parents
and chioroplasts of N. tabacum. The latter characteristic was expected as
the resistance to streptomycin is encoded by the chioroplast genome of N.
tabacurn NRSR (Hamill et at., 1983). Since the selection was for nitrate
reductase proficiency and streptomycin resistance we expected plants regen-
erated from the selected colonies either to have the nuclear genome of both
parents and chioroplasts of N. tabacum, or to have the nuclear genome of
N. rustica and chioroplasts of N. tabacum. In N. tabacum and N. rustica
fusions we did not find a combination of the latter type. We assume that
the majority, if not all, of the green colonies, observed in the selection
medium were somatic hybrids of N. rustica and N. tabacum.
The results from fusion of N. tabacurn NRSR with N. rustica show
that combining a negative (nitrate reductase deficiency) and a positive
(streptomycin resistance) selection marker in the same N. tabacum genome
provides a convenient selection method for studying genomic interactions
of N. tabacum with other species which lack selectable markers, if the latter
can utilise nitrate as the sole source of nitrogen and are sensitive to strep-
tomycin. Our preliminary observations on some species of the family
Solanaceae (Nicotiana debneyii, Petunia parodii) and of the family
Leguminosae (Medicago sativa, Onobrychis vici(folia and Lotus corniculatus)
have shown that their protoplast-derived colonies are capable of growth in
a medium with nitrate as the sole source of nitrogen and that they are also
sensitive to streptomycin. Such species thus satisfy a basic requirement for
selection of any hybrids that might arise from fusions of protoplasts with
this N. tabacum double mutant.
Since a number of auxotrophic (Muller and Grafe, 1978; Sidorov et a!.,
1981; Strauss et aL, 1981; Negrutiu et a!., 1983) and resistant mutants
(Bourgin, 1978; Widholm, 1978; Cseplo and Maliga, 1982) have been
isolated in higher plants, it should be possible to produce double mutants
of other agronomically important species for somatic hybridisation studies.
The double mutant approach may also be of value in somatic cell hybridis-
ation of eukaryotic cells in general.
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